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Foreword

This document 1is submitted in accordance with Article
XVITI B of contract NAS9-8000 and constitutes partial com-
plisnce with Paragraph 6.0 of Exhibit D to subject contract.
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I, INTRODUCTION

A detalled evaluation of past space {light performance
and a thorough analysis of future planned missions, parti-
cularly those involving long-~-duration and/or deep-space,
concluslvely confirme the need for an on-line, in-flight
test capablllity. Safety and reliabllity conslderations
dictate that this capabllity be in real-time, as signil-
ficant transmission delays cannot be tolerated. An On-
Board Checkout System satlsfies these requirements and,
in addition, provider the means for an integrated factory
through mission test capabllity with substantial improve-
ments in cost, rellabllity, fllight weight, System down-
time 18 decreased, resulting in a saving of factory-through-
launch process time. Requirements for the specific On-Board
Checkout System developed under contract NAS9-4899 were
derived from detalled analyses of the Apollo Command and
Service Module and the Lunar Module., A second contract,
NAS9-6630 (Prototype Digital Test Set), provided for the
development of a ground version OCS that incorporated approxi-
mately 80% of the OCS circultry capabilities,

This report documents the results of the design, develop-
ment, fabricatilion and test of a Fllght Packaged On-Board
Checkout Set (0CS), a third contract in the OCS program. This
contract, NAS9-8000 extends the Digital Test Set into flight
packaged electronics while incorporating recommendations from
previous contracts along with modifications and addltlons to
address changing regquirements.

There were four areas requiring significant development
identified at the start of the contract. These were: A
comprehenslve set of interactive airborne computer programs,
an alrborne alphanumeric display device; large scale alrborne
computer, and an on-board maintainable airborne Packaging
concept. These were resolved by a '"Near English" test community
language called "TOOL", a four by four inch 252 character
plasma display, an IBM 4 Pi~-EP Spaceborne computer and a
packaging concept allowling the functional module to be easily
removed or placed on the spacecraft wall via a cam latching
apparatus.

Sectlon II of this report contains a description of the
system developed and detalled developmental results,



Section IXI contains an evaluation of the 0CS8 with
respect to the 0C3/(Stabilization and Control System) inte-
. gration task. This task was set up to provide performance
data on the OCS when used to checkout an operational Apollo
subsystem. ‘

Section IV contains recommendations for areas of change
and areas of study which should be considered in any follow-
on effort.



IT, SYSTEM DESCRIPTION AND DEVELOPMENTAL RESULTS

A, SY3TEM OVERVIEW

The 0C8 is a computer-controlled checkout system designed
for use in manned spacecraft operations., The system is
mounted in a comnsole which simulates a section of a typieal
spacecraft wall and provides cabinets for the supporting equip~
ment necessary to operate the system in the laboratory
(see Figure 1§,

The developmental OCS hardware units oceupy 5.38 cubiec
feet and welgh 237.5 pounds exclusive of interconnecting
wiring, (This would be part of spacecraft wiring in actual
usage.) Operating power from the spacecraft +28 VDC bus is
647 watts. A comparison of these figures agalnst design
requirements is shown below:

Parameter Reguirement Actual
Volume-cu ft 5,28 5,38
Welght-1bs 223 237.5
Average Power-watts 875 ehT

Initial deslgn requirements were based on power condi-~
tioning and data control functions being contalned within the
user function module, A later trade off of packaging/main-
talnability determined that the power conditioning and dats
control function should be packaged separately which required
additional physical slze.

The 0C8 hardware consists of eight basic units as shown
in Figure 2, These units and thelr primary functions are as
follows:

Airborne Digital Computer (ADC) -~ An IBM 4 Pi-EP aipr-
borne general-purpose digltal computer, providing the neces~
sary computer control for the system. This machine incor-
porates overlapped CPU and I/0 operation. An intepesting
feature of this machine is a set of hardwire diagnostic
instructions which provide a high degree of self test with
minimal CFU requirements.
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FIGURE 1 - OCS MOUNTED ON CONSOLE
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Control and Display Unit (CADU) ~ Providing the neces~-
" sary controls and display devices for the system operator
to initlate, monitor, and control the various modes of
system operation, The CADU has a direct computer interface
and does not utilize the date bus, The CADU contains an
alpha numberic keyboard, a graphic/alphanumeric plasma
display, a computer controlled microfilm "operators hand-
book" display, function buttons for system control and a
pet of system status indicators,

Data Interchange and Control Unit (DIACU) - Providing
the interface conversion, timing, and control loglec to
accomplish data Interchange between the ADC and the other
0CS units and external data interfaces, providing control
of power within the 0C3, and controlling CADU indicators
to provide display of system status.

Stimulus Generator Unit (SGQU) - A prograemmable function
generator, providing analog voltage and current outputs to
the analog stimulus bus of the system. The SGU output is
floating such that its ground 1s controlled by the unilt
under test.

Stimulus Switching Unit (SSU) - A program-controlled
plgnal~switching device used to route analog stimuli from
the SGU, internally-generated dilscrete voltages, and parallel
diglital signals to selected test points of units under
test. The 3SSU contains speclal circuitry to detect improper
swltch operation In order to protect agalnst improper
application of stimulus.

Measurement Unit (MU) - A programmable analog signal
conditioner and analog-to-digital signal converter, convert-
Ing analog electrical signals received on the measurement
busses to a digital format for interpretation by the ADC,
The MU has a high impedance differential input which is
electrically isolated such that 1t assumes the ground po-~
tential of the unlt under test.

Measurement Switching Unit (MSU) - A program-controlled
signal-switching device used to route analog measurements
from selected test points of units under test to the analog
measurement busses of the system. The MSU contains high
speed precislon solld state switches for physical size
reduction and high rellability.

Power Condltioning/Date Control Module (PC/DCM) ~
Providing the interface between the remote units and the 28
VDC prime power bus and providing a redundant digltal data
command and response bhus for handling the data interchange
between the local and remote portions of the system, This
4 wire twisted palr biphase data bus system eliminates the
welght of spacecraft wiring cable bundles.




The system hag two basic power states, Standby and
Operating., In the Standby state power is applled only to
those circults of the DIACU which monitor for a condition
requiring transition to the Operating state and to any
CADU indicator lamps that must be on to indicate system
status. In the Operating state the computer is on and
other functional units of the 0CS are energized as required
by the functions to be performed, This provides a consl-
derable saving in average system power consumption and an
increased system lifetime,

Another festure of the OCS is ite abllity to incor-
porate both centralized and bullt in test concepts. This is
possible through the use of the data bus, The block dlagram
of the 0CS as shown is the centralized approach with common
stimulus and measurement equipment, However, bullt in test
articles can be attached to the data bus and programmed in
the same manner asg the centrallzed equipment.

For purposes of system discusgion the 0CS units are
grouped into Local and Remote categories. The Local group
is made up of the ADC, CADU, and DIACU., This group has a
fixed structure, whereas the Remote groups may be structured
to include any combination of SGU's, SSU's, MU's and MSU's
to a maximum of thirty units., The OCS development unlt,
however, contalns only one of each of the four types of
remote units.

Both the CADU and the DIACU interface with the Input/
Output channel of the computer, the CADU serving as the inter-
face between the computer and the human operator and the
DIACU serving as the interface between the computer and the
unlits of the remote group. The DIACU also handles the data
interchange between the OCS and external data lnterfaces
such as spacecraft PCM data, spacecraft time, and spacecraft-
to-ground and ground-to-~spacecraft communication links.

All of the units in the remote group are connected to
the DIACU through a redundant set of independent digital
transmission systems, eilther of which is capable of haandling
the data interchange between the local and remote portions
of the system by ltself., Each of the transmisslon systems
consists of a Program Data Bus (for conveylng compuser
commands from the DIACU to the remote units) and a response
data bus (for conveying measurement data and status infor-
mation from the remote units to the ITACU for access by the
ADC), All units of the réemote group recelve and transmit
bi-phgse sinewave data over the transmission systems through
recelving, transmitting, and data control provisions contalned
in thelr Power Conditioning and Data Control Modules
(PC/DCM), The PC/DCM's also provide the interface between
the remote units and the 28 VDC prime power bus, The power
condlitioners contained in these modules are turned on and off
selectlvely by computer commands, via the power’ control
clreultry in the DIACU,
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The OCS software consists of four computer program systems;
Spaceborne Executive Control System (SECS), Test Oriented
Onboard Language (TOOL), Peripheral Interchange Processor
(PIP), and Program Preparation System (PPS). The SECS is the
executive control system for the 0CS software,; providing
program supervision and scheduling, interrupt control, and
utility services. The TOOL system provides the capability
for test execution and allows the test engineer to write or
review tests from the Control and Display Unit. PIP is a
software system used to interface a system-supporting computer
with the 0OCS8 computer., The PIP system is executed by this
supporting computer, a Control Data Corporation (CDC) 160 A
or 160 G digital computer, The PP8 is executed on an IBM
gystem 360-65 computer and is used in the preparation of-the
OCS computer programs. The PPS consiste mostly of IBM
supplied programs. .

The OCS8 hasg three basic modes of operation: Select,
Translate, and Execute. 1In the Select mode, the operator-
selects a test Bequence and the operation to be performed
on 1t., He may, 1f the sequence is not contained in the pro-
cedure file in computer memory, elect to write that sequence.
If the selected sequence 1 in the file, he may elect to
review 1t by displaying 1its structure and parameters on the
CADU display. These wrlte and revliew operations are accomp-
lished in the Translate mode., The operator may elect to
execute a selected sequence in any one of a number of ways
provided by the TOOL test execution capabllities, In the
Execute mode the order and nature of computer commands to
OCS remote units, computer evaluation of data, and CADU
displays depends upon "test element" data in a "test sequence
data 1ist" in computer memory. Each test element specifies
a specific operatlon such as a switch closure, a stimulus
generation, a measurement conversion, & comparison of measure-
ment data with pre-established limits, a display of results,
etc. The OCS has the capability for executing four test
sequenceg concurrently.

To i1llustrate the general operation of the system we
may follow a simple test sequence from inception through
execution.
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Assume first that the operator desgires to perform a
simple test on & pilece of equipment that involves applying
a stimulus to a test point and measuring the equipment's
regponse to that stimulus at another test point. Assunme
also that there is no sultsble test sequence for this
specific measurement stored in computer memory. Assume
further that the 0C8 1s in the 3tandby power state,

The operator first presses the ALERT/STANDBY pushbutton
on the CADU, This activates "wake-up" circuitry in the DIACU,
causing 1t to slgnal the ADC to come on and start processing.
Now in the "Operating" state, the ADC interrogates the DIACU
to determine what caused the state transition. Recognizing
that the operator has requested the system, the ADC signals
the DIACU to turn on the CADU., The ALERT indlicator on the
CADU comes on, indicating to the operator that the system is
ready to accept his commands. '

Next the operator presses the SELECT button on the CADU,.
This causes the DIACU to signal the ADC that system status
has changed. The ADC then interrogates a status reglster
in the DIACU to. determine what has happened. Finding that
a CADU pushbutton has been pressed, the ADC then interrogates
a register in the CADU to find that SELECT has been pressed.
It then commands the Microdats Assembly (a microfilm pro-
Jection device in the CADU) to select and project a film
frame contalning test Instructions to the operator. These
instructions are called "Cues", They provide the operator
with a 1list of elective operations and instructions for their
initlation, ’

In accordance with the cue presented on the Microdata
Assembly (MA), the operator enters a sequence name via the
CADU keyboard. This entry is displayed back to him on the
Alphanumeric Display Unit (ADU) contained on the CADU dis-
play panel, Also, another cue is presented on the MA., This
cue tells the operator that he ham selected & sequence that
is not contained in the procedure flle and informs him of
the first operation necessary to write the sequence., The
operator then proceeds to write the desired sequence by
entering test element names and modifiers on the keyboard.
In this process he 1s cued continuously by the MA and
checks his entries wlth thé ADU display. The keyboard
entries are translated by the TOOL software into data in
the test data list.,
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At any time in the process of writing the test sequence
the operator may elect to review and edit it.

Once complete, the sequence may be executed immediately
by pressing either RUN CONTINUOUS or RUN SEGMENT on the CADU
keyboard, The primary difference between these two methods
of test executlion im with the execution of the display element,
Only specially designated displays are executed in a continu-
ous run, whereas all displays are executed in a segmented run,

Suppose that the operator has constructed a sequence of
the test elements '"Begin", "Connect"”, "Stimulate"”, "Measure"”,
"Display", and "End"., When the operator presses one of the
RUN buttons the TOOL goftware locates the test sequence data
1list for the selected test in the ADC memory and "bvegins'
the interpretive executlion process, First the 33U is
commanded to connect the stimulus bus from the SGU to the
assigned test point, Then the SGU is set up by a series of
commands to supply the selected stimulus to the stimulus
bus., The MSU 1s then directed to commect the aseigned
measurement test point to the measurement bus, Next the MU
is set up to convert the specified type of measurement to
digital data., Upon completion of the measurement conversion,
the MU signals "Data Ready"” to the ADC. The ADC then commands
the MU to transmlt the data to it vlia the DIACU, formats
the data for display, and commands the CADU to dlsplay the
test result. Another press of one of the RUN buttons ends
this test sequence execution.

The next subsectlions of this report document detailled
developmental results on each 0CS unlt.
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B, AIRBORNE DIGITAL COMPUTER (ADC)

MMC, in conjunction with NASA-~MSC made a computer
survey to determine the availability of a flight qualified
(or in process thereof) digital computer which would meet
the current and projected 0CS requirements. Availability
within the constraints of this contract resulted in the
selection of the IBM System/4Pi, Model EP computer, This
unit had been previously selected for a manned AIR FORCE
program and thus was currently under production. (AIR FORCE
program was subsequently cancelled and thus the computer
has not been flight qualified, though no problems are fore-
seen in this area,)

The 4 P1/EP is a high performance digital computer de~
signed for spaceborne applications requiring real-time
processing of large volumes of data. Some of its general
characteristics are given helow:

T2 basic instructions

basic cycle time of 417 nanoseconds
storage cycle time of 2.5 microseconds
addition time of 2.1 microseconds
multiply time of 9.2 microseconds
division time of 20.0 microseconds
instruction word len%th -~ 16 or 32 bits
data word length - 16 or 32 bits
organization -~ parallel fixed point, 2's
complement notation

) mgmory size - 16K by 36-blt expandable
131K

& PFIRMHOQOTD

The unit is housed 1n a rectangular case 19,5 inches
by 24.5 inches by 9.25 inches, Except in the power supply
area, there are two layers of hardware, one accessible from
a front cover and the other accessible from a rear cover,
The external connector interface 18 located on the front of
the power supply area (See Figure 3). The unit is cooled by
circulation of chilled water through a self-contained cold-
plate system. As delivered for the OCS usage, the unit weighs
approximately 94 pounds.
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As noted sbove, the basic 4 PLi/EP contains a memory
capabllity of 16K by 36-bits., These 36 bits are 4 B-bit
data bytes plus an associated parity bit. The memory
addressing system 1g setup for expansion to 131K maximum;
however, within the case size identified, a memory size of
24K 18 maximum, The OCS unit has a 24K memory size,

This computer operates on +28 VDC and requires an
average of 14 amperes operating and less than 1 ampere in
standby. It has a self-contalned voltage sensor for monitor-
ing the 28 VDC input bus. An out-of-limits condition causes
the computer to immediately store the operating conditions
and shutdown., Return of normal input voltage will allow
the operator to resume operations or, in the case of 0CS,
allow the next wake-up function te operate correctly,

Logic hardware is IBM specified TTL bullt primarily
by Texas Instruments, Inc., and thus 1s directly compatible
with the OCS hardware selectlion, Memory planes are mill-
tarized system/360 designs., The Read Only Store (ROS)
memory module contains the machine instruction repertoire
which 1s hardwired in at time of assembly., That 1s, to
change instructions, 1t is necessary to make a new ROS
module. The machine language i1s System/360 compatible
and thus 4 P1/EP programs can be acsembled and verified
on System/360 computers.

The I/0 1s also System/360 compatible., Thus a 4 PL/EP
can be connected to System/360 peripherals in a ground-based
installation. The I/0 is a single multiplexer channel, is
8-bit byte oriented and has four modee of operation: Multi-
plex, burst, lockout and direct input/outout, In the multi-
plex mode, each controller (maximum of eight) on the channel
is allowed to transfer one: byte of data (elther way) if it
wants to do soj; otherwise it is bypassed and the next one-
in sequence may do s80. Thus priority of external controllers
1s determined by their location on the channel, If a higher
order controller has a request pending it will be serviced
as soon as the channel is relinquished by the current user,
Thus there is very little delay in servicing any controller
on the channel,
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In burst mode, however, a controller has the channel
tied up for a specific number of byte transfers. Such opera-
tion is required for mass storage {ransfer of programs or
data tables and for display/keyboard devices. Lockout mode
is the same as burst except the CPU is also tied up. In
both multiplex and burst modes the CPU is only tied up during
the actual byte transfer time,

The final mode, Direct I/0, 1s a means of transferring
two or four byts of data between a device and the CPU directly
under control of a CPU instruction. This also ties up the
CPU for the duration of the operation,

Although each individual system incorporating a 4PL/EP
mnust be analyzed to obtaln its specific data transfer rates
and associated CPU interference times, typlcal values are:

Data Rate CPU Interference Mode
18KB 25% Multiplex
36KB 50% Max. Multiplex
115KB 75% Max. Burst
4LOOKB 100% High Speed
As stated above, the UPL1/EP also has a priority inter~-
rupt system. This contalns 6 interrupt levels. Each level

may be individually masked by a machine program thus allow~

ing or not allowing extermnal interrupts as desired, As will
be noted later the 0CS only uses three external interrupts:

DIACU, SGQU and MU,

The 4PL/EP has Dbeen in operation for about 2800 hours
and has experlenced two fallures. Fallure one was a flat
pack AND/OR gate at about 1000 hours operation. Fallure
two was a marginal sense amplifier in the read only store.

The 4P1/EP is compatible (instruction repertoire) with
the IBM 360 system, This compatibility allowed all software
to be written with the use of the 360 assembly language and
assembled on the 360 hardware.

The 4P1/EP instruction repertolire as stated previously
is compatible with the IBM 360, Since the 360 is basically
8 business data processing system the repertolre has
shortcomings for a real-time application., Specifically,
the 16 general purpose registers as they are used in
the 360 do not allow efficient real time program relocation
In core memory. An approach Involving a single relocation
. ‘feglste® such as is utilized in the CDC 6000 series machine
" should be investigated. i
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The U4PL/EP has 6 priority interrupts. This number
should be expanded to a minimum of 16. This would save
the overhead of software decoding of the interrupt.

Another set of instructions which would better address
the real time problem is a set of stack manipulation instruc-
tions. This would allow queues, real time stacks, and lists to
be manipulated wilithout extensive software.

_ The U4P1/EP architecture contains a "WAIT" state which
was utilized by the 0CS. The WAIT state uses minimal computer
povwer which i1s about 125 watts less than fully computing.

This has proven to be an excellent feature and reduced the
average OCS power consumption.

The 4Pi/EP multiplexer Input/Output channel is also 360
compatible, The channel is baslcally for devices which
transfer bursts of data perlodically. This single channel
poses problems for the OCS when the single channel decom
is running concurrently with other OCS activities such as
plasma display etc., In order to rellieve this problem the
EP must be set up to handle multiple I/0 channels ineluding
a selector channel,

The EP contains in its repertoire a set of DIAGNOSE
instructionswhich are used for a high speed low overhead
self test, This has proven to be excellent for detecting
machine failures in the real time mode,

The EP weighs 94 1bs, uses 1.9 cublc feet and requires
an average power of 347 watts.
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C. CONTROL AND DISPLAY UNIT (CADU)

The CADU 1s the man-machine interface of the 0CS. As
shown by Figure U4, it provides a display panel with two
display screens, groupings of discrete-message indicators,
and a row of function-control pushbuttons. In addition,
the CADU contains a slide-away keyboard which 1s secured in the
stowed position with cam~action latches, By releasing the
latches and pulling forward the keyboard slides out and locks
into position for use as shown in Figure 5.

The two display screens are the Alphanumeric Display
Unit (ADU) and the Microdata Assembly (MA) discussed below,
The discrete message indicators are Iincandescent lamp type,
computer controlled and powered from the DIACU Standby/Alert
Indlicator power supply. This allows discrete messages to be
displayed even though the CADU is powered down,

The keyboard contains a group of alphabetlc, numeric,
and symbollc character pushbuttons similar to those on a stan-
dard typewrlter keyboard. Included in this grouping are
buttons for keyshift, space, and backspace as on a typewrlter.
A "clear" functilon is also included. On the right of the key-
board, a group of 15 buttons is provided for OCS funection
control. ,

Except for the display devices, the unit 1s contained in
& machined magnesium case with separate bays for power supply,
electronics module, and keyboard stowage. The top of the case
gserves as a cold plate and mounting surface for the modules
within the case and for the display devices which mount on
top of the case, The Alphanumeric Display Unit 1s mounted on
the left of the case top and the Mierodata Assembly mounts
on the right.

The pushbutton switches are all recess-mounted so that
deliberate action is required to depress more than one switeh.
Sixty-three of the pushbuttons operate to set individual
"interrupt status" flip-flops on key-down (normally open
contact) and reset 1t on key-up (normally closed contact).

The interrupt status fliﬁ»flops are grouped into sets to form
elght 8-bit bytes in a 64-bit keyboard interrupt reglster

(1 bit of the reglster is not used) as shown in the CADU block
diagram, Figure ©., The presence of a true state on any one

of these flip flops causes an Iinterrupt signal to be sent to
the DIACU., Then, through a process to be described in the
DIACU discussion, the ADC recognizes that a pushbutton has been
pressed and commands the computer I/0 interface. The trans-
missilon is accomplished in eight bytes, which the ADC inter-~
rogates to determine which pushbutton was pressed.



S

mv;z Ty
SR

B

R




QHYOd Al




WYHOYIQ MO0T19 NAvD = 9 RNOIL

HOEVIS

.19

JONVACY

- ‘ AVIdSIG
% OTHAWAN-YHITY
lllll ¥3a004a
\ 4

AELINONIO [

- 1SSV mmamaﬂ,w mmaw%o
VIVCOHDIN : . ﬂ
¥ o & SSTHIAY o o ~Swoq
: : TOHINOD

SII6 § SIIE § SII€ §

% SAISNVEL |
e TTAVNE TINO
: +« T > sovaEEINT

k. 2

L)

il Jl ¥
& + . % - ann | oaV/¥091 O
% FEISRVEL TRVRT ! ® n- ~™ VI VA
o o o SHIZE § o o . o0V HOWI

'

siI9 %9

P —— Vmuﬁmwamu

0ovIa
Lo o— ; Z9ANYIS/LETTV

LY bU«Hmk




20

The pushbutton switch labeled ALERT/STANDBY is used to
signal the DIACU when the operator desires CADU power on or
off. The normally closed contact of this SPDT switch switches
an "Alert/Standby Off" line from the DIACU to the "DIACU
Return" line. Its normally open contact, on key-down switches
the "Alert/Standby On" line from the DIACU to the DIACU
return line, The DIACU response to the above actions will
be described in the DIACU section,

Microdata Assembly (MA), is a self-contained three-
plece assembly containing an electronics module, a tape
cagette, and a light module. The light module fits into the
tape casette which then fits into the MA case. When pro-
grammed from the computer via a 16 bit MA control register in
the CADU electronics, the MA selects and projects the designa-
ted microfilm frame, To allow operation of the MA in the event
of computer or transmission fallure, three special CADU push-
button switches are provided. These are labeled MA POWER,
ADVANCE/SLEW and REGRESS/SLEW, The MA power switch provides
manual application of power to the MA only. A momentary
contact of the ADVANCE/SLEW pushbutton directly commands the
microdata unlt to advance the mlcrofilm one frame position,
Holding the button down will cause the milicrofilm to slew
forward until the button is released. The REGRESS/SLEW push-~
button performs a similar funection, but the fllm moves in th
reverse direction, :

The Alphanumeric Display Unit (ADU), provides visual
readout of comguter~directed alphanumeric messages, The ADU
consists of a 4 by 4 inch gas-discharge (plasma) display panel
and supporting electronlcs, framed in an airtight aluminum
box, The display panel contains 15,360 separate gas cells in
& matrix 128 cells wide and 120 cells high, Characters are
displayed Iin dot patterns made of b by 7 cell arrays in rows,
to form twelve 2l-character lines. Three horizontal rows and
one vertical column of cells are used to space characters.

The power supply for the prototype ADU used in the 0OCS 1ig not
contained in the CADU but is mounted in the right hand support-
Ing equipment cabinet of the 0CS console. :

The CADU electronics i1s powered from a 5 volt power condi-
tioning module, having circultry identical to the power condi-
tioners provided in the remote unit PC/DCM's, but repackaged
to fit the CADU housing. It has the same provisions for
selective power enabling and disabling that are provided in
the remote units., CADU power turn off, however, is via a
slgnal from the DIACU over a separate CADU power disable line.
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The following paragraphs document development results
on the CADU,

The CADU electronics is packaged in the bottom of the
CADU chassis. The five metal core printed circuit boards
are interconnected through a mother board arrangement.

After initial installation of the electronics an inter-
mittent was detected, The Intermittent was found to be a
halr line fracture on & PC board. The mother board did not
present as much rigidity as anticlpated so it was braced
with phenolec spacers., This improved the rigidity problem
whilch will also reduce future ribbon fractures, It is rec-
ommended that board size be reduced to prevent unwanted
flexure in future electronic chassis.,

No fallures have been experienced in the CADU electronics
since initial installation,

The computer controlled microdata assembly had three
developmental problem aresas.

In order to establish a "point source"” lamp in the MA a
Xenon source was selected, This unit 1s manufactured by Pek
Laboratories. Difficulty in starting the lamp has required
MMC to study different lamps and starting techniques, The unit
as a light source is excellent.

A focus problem with the MA hasg indicated that further
development 1s necessary in the film gate and lens area.
The focus of the unit is adequate but can be improved.

The plasma display device is one of the show pleces of
the 0CS. The first plasma dellvered utilized a character
scheme in which the background was bright and the character
was dark, Thils unit was hard to read and soon was plagued
with dot dropout. '

CDC produced a second unit which utilized a bright
charascter and black background. This unit was far superior
to the first. After two months use a selectlive aging of
the plasma dot matrix caused a dot drop in and dot drop out
fault. In order to cure this CDC built another plasma with
uniformly aged dots and with two pulsed bars at the top and
bottom of the screen for a source of free electrons. Also
each drive or selection wire to each dot was the same length,
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With the exception of an occasional problem with lack
of free electrons this scheme worked satisfactorily.
CDC is working an approach where a light source is used
for additional free electrons,

There are two areas which need further development
vhich are not related to the above. A selective erase
capability on a character or line basis 1s necessary to avoid
screen blink, The blink was found to be annoying and limited
the display speed while requiring additional computer I1I/0
bandwidth, Also the power supplies required for the plasma
were packaged in commercial form rather than alirborne in
order to meet delivery schedules within acceptable technical
risk, It is anticipated that.these supplies can be packaged
within the baslc plasma module, :

In summary the plasma display presented a very impressive
approach to airborne alphanumeric/graphic displays with atten-
dant low power, welght volume and maintainable packaging approach.

The CADU alphanumeric keyboard was initilally required to
be operated by an astronaut's gloved finger, hence, requiring
a beasel to avold pressing of more than one key simultaneously.
After this requirement was established a turn towards the
shirt sleeve environment requires that a typewriter compatible
feel be achieved which indicates no beasel on future keyboards.

- The sllding keyboard arrangement seems to be a fertile
ground for comments, Recent onboard systems specifications
indl cate no protruding devices.

‘ The CADU welghed 53 1lbs, and required 73.6 watts and
uses 2371 cubic inches.
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D, DATA INTERCHANGE AND CONTROL UNIT (DIACU)

The primary function of the DIACU ig to provide signal
conversions, timing, and control to aceomplish data inter-
change between the ADC and the 0OCS remote units and between
the ADC and spacecraft timing, PCM data, and communication
systems, In addition; it provides control of power within
the 0CS,; controls and powers CADU indicators, routes the
CADU pushbutton interrupt signal tc the ADC, provides the
ADC with a time reference, and performs a "watchdog' function
to safe the system In event of ADC fallure., The unit is
packaged in a magnesium case designed to mount on a space-
eraft coldplate, Figure 7T presents a block dlagram of
the DIACU.

The ADC transmlits command data to the 0CS remote units
through the DIACU, When directed by the proper computer
command, the DIACU transfers data from the computer I/0
channel into the computer-selected one of two 24-bit pro-
gram data output registers, in 8-bit bytes, The contents
of the loaded register are then transmitted serially to the

remote units over the program data bus assoclated with that
register,

Serial binary data received from the remote units over
the response data bus of elther of the transmission systems,
18 shifted into the associated one of two DIACU response
data input registers as 1t 1s recelved, Upon dilrection from
the ADC, the DIACU transfers the contents of either of the
response data input reglsters to the computer I/0 channel
1n 8-blt bytes plus parity.

The DIACU interfaces with the Spacecraft Acc¢eptance
Checkout Equipment (ACE-S/C) Uplink, via the ACE~S/C QGuid-~
ance and Navigation Buffer Unit, to accept 24-bit seriul
data words into a 24-bit uplink data register in the DIACU,
The last bit count of a data word from the Uplink sgts an
interrupt status bit in the DIACU interrupt status regilster
and causes a "buffer busy" signal to be sent by the DIACU
to the ACE-3/C Recelver Decoder, Upon direction from the
ADC, the DIACU transfers the contents”of the uplink data
register to the computer I/0 channel,

The DIACU accepts 8-bit data bytes from the computer
I/0 channel and transfers them in parallel directly to the
spacecraft PCM encoder for transmission on the spacecraft
downlink, A control line from the PCM encoder signals the
DIACU of the acceptance of a data byte.
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An updata channel input to the DIACU comes from the
spacecralt command receiver, allowing the DIACU to accept
24-bit serial data from the receiver., This data 1s accepted
at a 1 KHz rate and 1s held in a 24-bit UpData Link (UDL?
input register in the DIACU, When this register 1s loaded
a status bif is set in the DIACU interrupt status register,
Upon computer command the contents of the UDL input registers
are transferred to the computer I/0 channel,

A 16-bit PCM address register is provided in the DIACU,
This register can be loaded by the computer to specify the
starting prime frame and time slot of PCM data and a data
byte sampling rate, Then, upon recelpt of the next 1 pps
PCM timing reference signal from the spacecraft PCM, the
DIACU will count frames and time slots from the PCM 512 KHz
timing reference untlil these counts compare with the address
reglster., The DIACU will transfer successive PCM data bytes,
at the selected sampling rate, into the ADC memo until
commanded by the computer to cease. Storage for 400 succes-
sive PCM data bytes 1s provided in the ADC memory. Sample
rates that can be programmed are 1, 10, 50, 100, 200 and
400 samples per second, Acceptance of all PCM words in the
data stream can also he commanded,

Interface with spacecraft time is through a 26 line
input to the DIACU, These lines provide the DIACU with time
measured in days, hours, minutes, and seconds. The one second
period provided by the spacecraft time interface is broken
into one millisgecond perliods by an internal oscillator in
the DIACU which drives a counter capable of counting to 999,
This counter is reset to zero on the tralling edge of the
spacecraft time seconds signal and then counts at a 1 Kiz
rate until again reset.

Under normal operation the spacecraft time binary
coded decimal informatlon is transferred into a storage
register in the DIACU once a second. Failure to receilve
& new time at the end of a second will cause the storage
reglsteéer to become a counter, under DIACU control, to simu-
late the spacecraft time input and allow the DIACU to con-
tinue to maintain a time reference for the 003, The ADC
may read the spacecraft time storage buffer and the DIACU
millisecond counter at any time,

The DIACU continuously compares the spacecraft time
and the millisecond counter with a programasble reference
time sent by the ADC and stored in a 38-~bit DIACU time
monltor reglster, Upon comparison, the DIACU sets a bit
in its interrupt status register, If the spacecraft time
fails to function correctly for a period of more than 1
second the DIACU automatically switches over to an 1nterna1
counter to provide a backup for spacecraft time.
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All of the above operations are performed via the DI/O
operated via 8 bit bytes. Two independent power supplies
are contained in the DIACU., One is used only in the "Operat-
ing" power state and has circuitry identical to power con-
ditioners used throughout the system for providing logie
power, The other power supply in the DIACU is always on when
DC power is supplied to the 0OC3, This is the Standby Power
conditioner. It provides power for the DIACU "wake up" and
time reference logic, and for the CADU discrete indicators.

The "wake up" circultry senses certain signal inputs
to the DIACU that require the OCS to leave the Standby power
state and go to the Operating state. Wake-up is initiated by
a time monitor match occurring, a CADU ALERT/STANDBY switch
closure, or recelpt of ACE-S/C Uplink or Up Data Link inputs.
It turns on DIACU "Operating'" power and performs turn-on
of the ADC., The DIACU then issues an external interrupt
signal to the ADC. The ADC, upon detecting this interrupt,
- commands the DIACU to transfer the contents of the DIACU
interrupt status register to it, The ADC interrogates the
interrupt status to determine what caused the interrupt and
then resets the interrupt status register. Blt assignments
are as follows: :

0 Time Monitor Match

CADU Pushbutton Interrupt

Watcehdog

ACE-S/C Updata Input

Spacecraft Uplink (Command Recelver) Input
Downlink Data Word Accepted

CADU Alert/Standby Pushbutton Switch Closed
Power-up Reset

~ oW

Any non-zero condition in the status register causes an ex-
ternal interrupt to the ADC,

The DIACU provides power control outputs to the CADU and
to the remote units of the 0CS over a power control bus,
This bus contains seven lines that carry a code to selectively
turn on up to thlrty-five power conditioning modules by com-
binations of power on four of the seven lines, The bus also
contains a +5 volt DC line to power the sensing logic, a ground
return line, and a master power dilsable line that turns
off all units connected to the bus, Control of the signals
on the seven code-output lines is provided by one-byte
commands on the computer I/0 channel,
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The DIACU controls and provides power to the incandescent
indicators on the CADU., Twenty~three of these indicators
are controlled on or off by computer commands to a 24-bit
indicator control register in the DIACU, Power circuits for
these indicators and for the "Standby" indicator in the CADU
are energized when the system in in elther the standby or
operating state.

The 1 pps signal from the spacecraft time interface
causes the 'watchdog" bit to be set in the DIACU status
register, The ADC will then reset this bit. If a second
1 pps slgnal is received while the watchdog bit is set, the
DIACU turns on the OCS No Go indicator on the CADU and forces
the OCS to the standby state by sending a signal over the
master power dilsable line of the power control bus., Loss of

DIACU power wlill also cause the master power dilsable.signal
to be sent.,

Two clrcult types were considered for implementing the
DIACU loglc., The first was medium scale integration logic
eircuits (MSI). This approach had the advantages of lowering

package count and reducing the printed cilrcuit board layout
complexity.

The second approach and the one which was selected was
the use of low power integrated circuits. Their primary
advantage was in lowering the logic circult power requirements
by a factor of almost ten. Thelr second advantage was in
providing for more than one vendor.

Two methods of providing the system timing function were
considered., The first was the inclusion in the DIACU of s
multiplicity of hardware timing registers which could be set
with a programmed delay at the end of which the computer
would be signaled., ZEach timer would have added approximately
five percent to the DIACU size and power requirements with a
minimum of four timers being considered practical

The approach selected here was the incluaion of one time
mateh register which compared a programmed time value with the
Spacecraft Time Reference and interrupts the central computer
when a match occurs, Computer programming provides the means
of selecting the proper time value to be set for this compari-
son., This approach not only saves-hardware but also provides
for a virtually unlimited number of system timers through
appropriate software.
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Where possible, one printed circult layout card was made
to do several jobs, thus reducing total engineering time for
the unit., This technique was used in ACE UPLINK/UP-DATA
LINK circuits, SPACECRAFT TIME interfaces, and the DUAL BI~
PHASE REGISTERS.

Several problems were encountered in the development
of this unit. Most important was the lack of a definition
set of documentation covering the functlioning of the IBM 4 Pi
I/0 channel, In particular, no information could be located
to discribe the channel operation in response to errors at
the interface, Thus the dlagnostic equipment provided by
the IBM system control panel could not be used effectively.
The meaning of internal channel status indications was
not fully described, so that little could be learned about
the external hardware from the documentation,

A useful computer feature which was not provided was a
means of forcing a software or hardware loop with a system
unit as a response to error condition or an extermnal signal.

A second problem occurred in wiring the baseplate connec-
tion in the DIACU, When the wiring passed the 50% complete
point practically no room remained for soldering the wires
to the pins or for the wlres themselves. A successful attack
on this problem requires an approach not normally used on
short development projects. The more desirable approach
would be as follows:

Filrst, all clrecult design must be complete before printed
circult board layout begins, Then optimum groupilng of logic
functions to make up individual boards to provide for minimum
interfaces between boards. Next, input/output pins on these
boards should be assigned such that the baseplate wiring is
simplified and minimized, Flnally, a mother board should be
layed out to accommodate the necesgsary wiring., It is expected
that several iterations of this last step may be required.

The importance of pre~testing circults should be empha-
slzed. Changing circults in an alrborne package after assembly
is most difficult and time consuming. In addition, these
changes frequently have damaging effects on the complex and
somewhat fraglle printed c¢ircult boards. The more serious
conslderation was glven durlng board design to withstanding
airborne environment and less to withstanding the rigors
of checkout on a development item., As a result, effort
should be expended to reduce the strain of checkout on a
board. Other measures could be taken to accomplish this,
e.8.; the addition of test points at the board edge would
reduce the number of times the board needed to be removed
from the chassls. '
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Another problem encountered was a severe undershoot on
clock signals to binary elements. Voltage undershoot of more
than 0.5 volt would result in erroneous changes of state for
these binary elements. 1t was found that this problem could
be eliminated by properly damping the clock signal line with
the addition of from 30 to 170 ohms in series with the signal
bias, More nearly optimum layout of baseplate wiring as men-
tioned above would aleso go a long way towards eliminating
this probhlem without resorting to the damping resistors.

The DIACU weighs 19 1bs 9 ounces and requires a standby
Eower of 42,5 and an alert power of 56,6 watts, The volume 1is
18 cubic inches,
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E, POWER CONDITIONING/DATA CONTROL MODULE

Figure 8 shows a photograph of a PC/DCM. This module
contains the data control module (DCM) circuitry necessary
to interface wlith the data bus and the power conditioning
circultry (PC) necessary to convert the raw 28 volt space-
craft voltage to the required loglc voltages. There are
five of these standard PC/DCM modules in the 0CS. They are
interchangeable for purposes of maintainability. One of the
five 1s a spare, Each PC/DCM weighs 6.9 1lbs and is 170,5 cubic
inches in volume., Its power level 1s included in the user
module 1t supplys.

The PC/DCM will be discussed in two phases, data control
and power condltloning

The data interface between the DIACU and the remote units
is aceomplished through two independent but i1dentical trans-
mission systems: A block dlagram i1s shown in Figure 9,

Each of these transmlission systems consists of a common pro-
gram data bus and a common response data bus. Both trans-
mission systems may operate concurrently, resulting in a
transmisslion bandwldth of twice that of a single system, This
concurrent operation 1s utilized when providing numerical
stimulus and measurements simultaneously. If one transmission
system falls, the potentlagl transmlssion bandwidth is reduced
but the system wlll continue to operate. The software is
designed to assure that the two transmlission systems do not
access the same remote unit at the same time,

Each remote unit 1s provided with data control logic and
dual receiver transmitters (a separate receilver/transmitter
for each transmission system) contained in a Power Conditioning
and Data Control Module (PC/DCM). A block diagram of the
data control sectlon of the PC/DCM is shown in Figure 9 .

The data control section receives biphase squarewave data on
either of the common program data busses, converts the binhase
signal to unit logle levels, recognizes the unlt address,

then shifts the data followling the unit address into a holding
register, The data control section of the PC/DCM provides '
capabllity to scan out the data contained in the holding
reglister and transmit this data over the common response data
bus of the same transmission system that the program data was
recelved on, The Measurement Unit utilizes this response
transmission capability of the PC/DCM to transmit measurement
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data through the DIACU to the ADC, The DIACU utilizes the
dual transmitter/receiver portion of the PC/DCM but provides
its own data holding reglsters for input and output,

The data control section of the PC/DCM in each remote
unit allows each remote unit to be programmed from the ADC,
via the DIACU and the computer-selected common program data
bus., 24-bit data words are utilized for this programming,

Of the 24 bits in the program data words, the [irst 6 bits

in the data stream denote the remote unit address., For example,
a binary code of 0Q01lll in the first 6 bit positions of the
data word designates the Stimulus (Generator Unit, The seventh
bit in the data word is assigned for control of unit power,
When false (binary O), bit 7 causes the PC/DCM to remove .
power from the addressed unit. The remalining 17 bits of the
data word are used for programming the addressed unit.

Some remote units require more than 17 bits of data for
complete programming. These unlts provide sub-registers
and sub-register address decoding, so that multiple word
groups recelved by the data control holding register can be
transferred to the units,

The biphase recelvers present a sufficiently high
impedance that up to 30 PC/DCM's may be attached to the common
data busses. The busses are twlsted shlelded pailr cables
with controlled impedances and are terminated with the cable
characterlstic Impedance. The blphase receivers accept data
from the common data busses through isolation transformers.

The biphase transmitters are capable of driving up to
300 feet of cable with up to 30 PC/DCM receivers distributed
along the data buses., Only one transmitter will be active
on a bus at any one time but the inadvertent asctivation of
more than one transmitter on a bus at a time will not cause
damage. The transmitters present biphase data to the common
response data busses through isolation transformers.

. Transmission on the data busses 1s at a one-megahertz bit
rate, clocked by the DIACU. Thirty-one bits are actually
transmitted to transmit a 24-program data word., The last
seven bits of the program data word transmission are "dummy"
bits, used to clock the 24-bit response word transmission
which 1s delayed from the program data transmission by the
six bilt counts necessary for the addressed unit to recognize
its address,
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The data holding register of the PC/DCM data control
section retains the 18 bits following the unit address until
reprogrammed by another data message, Seventeen of these
bits are avallable to the user unit to provide control and
data for the functional operation of the unit. The holding
register Interface with the user unit is the Qn and ﬁﬁ output
of each register bit. These interface signals are cap~-
able of driving up to 40 low-power logic loads.

The response data scanner allows, under clock count
control, the serialization of elther the program data loaded
in the data holding register or response data from the user
unit data register, depending on the state of bit 8., The
response data scammer interface with the user unit is the
true (binary 1) output of 16 user unit data register stages.

Unit address patching is achleved by hardwiring at a
econnector, external to the PC/DCM, This external wiring
of the unit address i1s used to allow identical PC/DCM!'s in
all usages, The 6-bit hardwire address i1s compared with
the first six blts of each transmitted program data word. A
comparison allows the following 18 bits to be shifted into
the holding regilster, The unit address, the power bit and
the control bit (bit 8) are always transmitted back to the
DIACU in front of the 16 bits scanned from the data holding
register or from the user unit data regilster as described
above, Thls allows the ADC to verify that the unit selection
was correct and that the unit was properly programmed,

The remote group of the 0CS hardware 1s made up of four
types of units: Stimulus Generator Unit, Stimulus Switching
Unit, Measurement Switching Unit, and Measurement Unit. As
previously noted, up to 30 such units, in any mix, can be
attached to the transmission systemrs. In fact, 30 units
could be attached to each. transmission system, for a total of
60 remote units, provided transmission system redundancy
is not required. The OCS8 development system, however,
provides only one of each type of remote unit and provides
software for use of the transmission systems redundantly.

As described in the above section, each of the remote
units utilizes a PC/DCM to provide power condlitioning and
interface with the transmigsion sgystems. The PC/DCM's are
separately packaged and mounted adjacent to thelr user units
in the development system, The package is easlly attached
or "removed" from a spacecraft coldplate.
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The next few paragraphs document developmental results.

The data transmigsion employs redundant Command and
Response databuses, These buses are transformer isolated
and use a biphage signal transmission scheme to allow cloeck
reconstruction, in addition to data recovery, thus making
the redundant transmission system only a four twisted palr
interface, The Digital Test Set transmission line, RG-108,
attenuated the bilphasme signal considerably. Therefore, an
investigation was made of possible alternate cahles, A
cable, Microdot 202-3934, appeared to have a much wider band-
width, although increased characteristic impedance -- 160
ohms versus 76 ohms,

Test results using a 2 MHz squarewave signal indicated
minimal signal attenuation with this cable. In addition,
thls cable was conslderably lighter in welght glving it an
addltlional advantage for a spaceborne -application,

The biphase transmitter and recelver designs from the
Digital Test Set were evaluated 1n terms of present air-
borne packaging trends. It was decided that new deslgns
conducive to this trend, but uslng Integrated circults
(flatpack and dual-inline packages) would be developed.
Initial development testing used in-house transformer designs;
however, a vendor, Contemporary Electronlcs Inc., of St,
Louls Park, Minnesota, was found to employ similar hardware
in the manufacture of a customer-speclal serles of trans-
formers, Subsequent consultation with them resulted in the
declislion to buy, :

The Digital Test Set receiver design had a dlsadvantage
in that 1t required two speclal voltages which required
additional DC-DC conversion, New developments in the digital
line receiver fleld, however, presented an alternative,
National Semiconductor had developed a dual line recelver
which requlred only +5 VDC logic power and provided better
common mode rejJection than the A710 Fairchild Comparator.
Test data with a2 sample unit resulted in selection of this
component for the recelver design. Subsequent use was also
made of this component in the 4 PLi/EP interface control unit.

. Breadboard :circults of both the transmitter and receiver
designs were "patched" using speclal integrated ecircult
breadboarding filxtures and the in-house transformers tests
were then conducted using the new transmission line for the
data path between transmltter and recelver. Initial designs
to use low~power TTL loglc in certain areas of the transmltter
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design were not feasible., Packaging of the resultant designs
dictated two transmitters and two recelivers on a single 0OCS
printed cireuit board (PCB)., This allows use of this card
also in the DIACU, This was accomplished without difficulty.

Use of redundant command buses also dictated use of two
seddress decoders, The decoder design followed closely that
of the Digital Test Set except for those changes dictated
by use of TTL components. Both circults were packaged on
a single 0C3 PCB.

Since it 1s a function of the computer program to pre-
vent addressing of the same Remote Unit over both Command
bases, the redundancy was not carried beyond the address
decoder, Thils requlred gating of the clock signals from
elther recelver one or two to the clock pulse generatorj
likewise for data fto the storage reglster and likewise for
the End of Transmission (EOT) signals for clock pulse gen-
erator reset,

The clock pulse generator and above gating ceircuiltry is
mounted on one card and the storage register and data scanner
on another thus making a total of four cards to provide the
data control requirement,

In addition to the data control provisions already
described, the PC/DCM's each contain a power conditioner of
the DC to DC converter type. A block diagram of thls con-
ditioner is shown in Figure 10,. These power conditioners are
enabled by the selective power enable circult which originates.
in the DIACU, They provide stable output power to the 0CS
remote units from a prime DC power source contained in the
right~hand bay of the support equipment cabinet. The "Type
A" conditioners provide 5,25 + 0.5 VDC at 5 amperes maximum
and +20 +2 VDC at 600 milliamperes maximum, Where other
voltages are required by the various user unlts, they are
elther derived from the above voltages through series regulator
circulits or are provided by other conditioners contalned within
the units. The power condltioning modules supply floating
outputs,

A coincidence of four loglc signals on the seven "turn~
on" wires of the power control bus causes PC/DCM power to turn
on., Power "turn-off" is caused by elther a zero on bit 7
of a program data word accepted by the PC/DCM or by a command
on the master power disable line of the power control bus.

To provide an inltializing signal for the logic of the 0C3
user unit, the power conditioner of the PC/DCM provides a
ground signal for a minimum of 100 microseconds to the user
unit each time the power is turned on.
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The Type A design also contains an undervoltage sensing
¢ircuit and a logle reset circult.

The Type B power supply design provides the +55 VDC
pover for the 34U output amplifier, Since it employed the
pame deslgn approach as the Type A, LC fllters were also
employed on its outputs.

That part of the power control circultry contained in
the Type A and CADU power supplies ls a combination solid-
state and relay circult, The relays are TO-5 packaged
Teledyne latching units thus allowlng the DIACU interface
to be a pulsed operation. Actual power supply interface
with the DIACU consists of 6 wires: power, power common
and 4 control lines, There are 7 control lines originating
at the DIACU but a 4 or 7 code is provided to accommodate
up to 35 units (design requirement was 30), An SH2001 hybrid
driver which i1s loglc level signal compatible but which will
provide the current requlired by two relay colils was gelected
as the interfacing unit., It has 4 logic-level signal inputs
which were connected to the four control lines while its
power and common leads were connected to power and common
lines,

The 0CS required the following power supplies:

a) Type a - Logic Power +5.,25 +0,5 VDC
+20,0 +2,0 VDC
~20.0 2.0 VDC

b) Type B - +55 VDC +2 volts

¢) Discrete - +28.0 +4,0 VDC
+12.0 ¥5
+ 6.0 +5%

d) DIACU Standby/Indicator +5.0 +0.5 VDC
+15,0 +2,0 VDC

e) CADU Type A +5.25 +0.5 VDC
(+20 VDC available, not used)

Output transformer design was found to have an &#ffect
upon regulator switching spikes In the output. However, the
greater effect was found to be caused by the recovery times
of the reectiflers, Breadboarding invelving both transformer
designs and varlous rectifiers provided an optimum approach,
Since off-the-shelf rectiflers were being used this was a
compromise, ‘
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Some investigation was conducted into the use of wvarious
nolse suppression techniques including ferrite beads, Signi-
ficant changes were not observed on the breadboard unit.
Feed~through LC filtering was provided on both the 28 VDC
input and return lines and on the output voltage lines.

The deslgn of all power supplies incorporates three
basic sections, Pirst is a preregulator which reduces the
raw 28 VDC input voltage to a constant +19 VDC voltage. This
regulated DC voltage drives the mecond section, the DC to
DC converter which provides transformer isclation between the
input power source and the 0CS unit., The output DC voltages
are determined by the preregulated input voltage and the
turns ratio of the converter transformer reduced by internal
losses in the supply. Since the load on these supplies 18
relatively constant these internal losses can be sccounted
for in the transformer design and the appropriate DC output
provided.,

The third section consists of rectificetion and filter-
ing to provide ripple and noise reduction,

As a result of some of the problems identified during
Digital Test Set deslgn, development effort was expended
in the followlng areas: output transformer design, diode
recovery time versus nolse in outputs, use of ground planes,
use of noise suppression networks within supply, secondary
regulation versus primary regulation and packaging.

Several power supply deslgns with the goal of standardiz-
ing the supply were consldered,

Preregulation was chosen as the approach for two
reasons, The first reason was that loglc power is essentially
constant. The second reason for the preregulator approach
was that remote control of the power supply ON/OFF state
provided minimal power drain in the OFF state as a byproduct.

The Type A power supply was used in the PC/DCM and DIACU
unlts. During debug of the PC/DCM units it was observed that
the noise level on the output voltaze buses (no load to full
load) was greater than anticipated. Investigation of the
problem indicated most of the nolse was being internally gen-
erated. Additlional LC filtering was added on each output to
reduce this nolse to within expected levels., ZEven though this
kind of LC supppession is effective, future power supply
design should approach suppression of the nolse source as
mentioned previously rather than the noise itself,
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F. STIMULUS GENERATOR UNIT (SQU)

Thisg unit provides a programmable function generator
capable, under computer control, of generating any of the
stimuli listed in Table I. The unit is packaged in a
cage designed for easy attachment or removal from a space-
eraft coldplate in the same manner as provided for the DIACU,
the PC/DCM's, and all other remote units of the 0CS., A
plcture of the SGU is shown in Figure 11, A block diagram
of the SGU is shown in Figure 12, The unit weighs 19 lbs, 1 oz,
requires 70 watts and uses 418 cubic inches,

The SGU 1s program controlled by data supplied to its
PC/DCM data control receiver from either of the 0CS Program
Data Bus links, The control information is contained in a
serlies of data words, each of which is temporarily stored in
the PC/DCM holding register and then transferred to a holding
register or counter in the SGU. There they remain stored
until the holding register has been addressed with new data,
the programmed count has been completed, or power is removed
from the SGU, Four 24~bit words (each including a 6 bit
address and a power bit) suffice to define any SGU output.,

The SGU output 1s applied to an Analog Stimulus Bus upon
a program data "Fnable" command. The output remains on the
Analog Stimulus Bus until a program data "Disable" command is
recelved, or untll another program data word or series of ;
words deflning a new output has been recelved, All AC signals
are enabled through an interlock to assure that the programmed
output willl be appllied to the stimulus bus ag the signal
output passes through the zero level, For single pulse or
pulse train outputs, the stimulus bus is automatically
clamped to SGU common upon completion of the programmed
sequence, ' ‘

Computer-generated functlons (numerically-controlled
waveforms) are accomplished by establishing a DC output and
successlvely programming the ampllitude and polarity of this
output., An "Enable" command is sent by the computer as soon
a8 the initlal function control information has been trans-
mitted, The computer then supplles the next ampllitude and
polarity command word to the PC/DCM holding register during
the interval between SGU output steps, At the completion of
each time interval the SGU enables a transfer of the PC/DCM
holding register data to the amplitude and polarity holding
reglster of the SAGU., The SGU determines the time interval
(based on program control) with an internal c¢lock, A disable
command 1s sent by the ADC upon completion of the computer-
generated function,
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Any program data word containing 27 (octal notation)
in the first six bits will designate the SGU as the recipilent
of that data word, Any additional SQU's added to the 0CS
development system would require assignment of additional
addresses, An SGU, PC/DOM, upon recognizing its address
from the first 6 bits of the data word, will load the subse-
quent 18 bits of the data word into its holding register.
The first bit loaded onto the register is the previously
discussed power control bit., The next three bits contain
sub~addressing information to designate the pulse counter
or one of three 1li4~bit sections which made up the SGU data
holding register., An "end of transmission" signal from the
PC/DCM ensbles parallel transfer of data to the SGU counter
or appropriate holding register section, unless there 1s an
inhibit signal present. The inhibit signal will be present
whenever the SGU is operating in the direct D-A conversion
mode (converting computer-generated funetions) and is counting
the interval between one step and the next. This allows a
word to be loaded into the PC/DCM for buffered storage until
the SGU completes the step interval count and 1s ready for
a new step in amplitude. Then the inhibit signal is removed,
the data automatically transfers to the amplitude and polarity
gection of the SGU holding register, and a "Data Request”
interrupt signal is sent from the SGU to the ADC on a separate
line, This 18 the Data Request Interrupt signal, It is a
"Priority" interrupt, in that is requires prlority attention
by the ADC to immediately generate the amplitude and polarity
program data for the next SGU output.

The first 1l4-bit section of the SGU holding register,
loaded by the sub-address 001 (binary notation), is decoded
to select the computer-specified SGU signal output frequency
or pulse wldth and elther a high or low frequency output
amplifier for the slgnal. The second 14-bit section of the
holding reglster 1ls loaded by sub-address 010 and is decoded
by the SGU to select the polarity for DC outputs and the
signal amplitude. Frequencles, pulse widths, and amplitudes
are specified by 10-bilt binary numbers and 3-bit range or
“exponent codes, The third 14-bit section of the holding
register 1s loaded by sub-address 0ll and 1s decoded to
select the specifled stimulus type, the spacing for pulse
train outputs or the time interval between steps in direct
D-A converslon, and the stimulus bus on which the output is
to appear. The SGU is designed to accommodate two stimulus
busses, Only one bus, however, ig provided in the 0CS
development system.
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Sub-address 100 loads s "number-of-pulses” counter. The
data stored in this counter is decoded to select a specified
number of pulses in a pulse-~train output. Stimulus enable
commands are decoded from a sub-address of 101 and disable
commands are decoded from a 110 sub-address,

The PC/DCM provides read-back of SGU program data to the
ADC to allow verification of the data in the holding register.
An enable command 1s never 1ssued to the SGU untlil the ADC
has made this verification.

When more than one SGU 1s used in the 0CS, 1t becomes
necessary for the ADC to poll each SGU to determine which one
has sent a "Data Request'” interrupt. To provide for such
multiple SGU operation, the SGU sends & Data Request Interrupt
Status but back to the ADC through the normal data read-back
capabllity of the PC/DCM when it receives a message with a
sub-address of 111,

The analog stimulus bus 18 a twisted shlelded twin-ax
pair, The SGU output can be programmed to eilther of two such
busses although only one is provided in the OCS development
unit, Either of the two SAU output amplifiers can be swltched
to either stimulus bus output, An interlock is provided to
prevent more than one SGU at a time applying an output to any
one stimulus bus,

The SGU design was based on the e¢lrecult phllosophy
established with the stimulus unlit in the Digital Test Set
(DTS). New performance requirements for the OCS resulted in
the addition of a zero-crossing detector enable circuilt and a
repetitive or sequenced pulse output elrcult. The circuilt
philosophy 1s still based on the use of an integrator to
generate the baslc triangle and square wave function generator
outputs, A D/A converter is used to develop scaled input
voltages, These voltages are then applled to the integrator
input and a speclfic feedback ratio selected to establish
the deslired frequency. The ramp output of the integrator is
allowed to reach a specifled peak value, at whieh point a
comparator actuates input switching to reverse the direction
of the ramp. The same switching actlion also provides the
square wayve output, Shaping networks are used to synthesize
a plecewlse linear approximetion of a sine wave from the
basle triangle, The program selected functions are applied
to an AC amplitude ~-- scaling D/A converter, and then to
the output amplifier,
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Critical analysis of the 14 bilt resolution provided in
the DTS A/D converters showed that adequate resolution could
be achieved with only 10 bits., Since significant size
reduction was desired for the 0CS, the 10 bit system was
immediately adopted., This decislon reduced the size of the
holding registers and A/D converters to the 10 bit size
while s8till providing resolution of one part per thousand.
Similar size reductions were achleved by using state-of-
the art Integrated operational amplifiers in the integrator
input circults. As a result, the OCS utilized two TO-5
devices where the DTS had used two hybrid amplifiers
occupying areas of several square inches each. An integrated
current source was also used to replace the D/A voltage scaler,
which previously had required an entire circuit card. Similar-
ly, the DIS comparator was a discrete component deslign requiring
an entire clrcuit card, and this design war replaced in the
O0CS with a single TO-5 integrated circult comparator. The
integrator itself was substantially reduced 1in size even -
though a hybrid amplifier was retained. This amplifier is
less than half the size of the DTS integration amplifier,
An integrated circuilt TO-5 amplifier was actually used in
breadboarding and functioned well within specifications to
28 KHz, Degradation from 20 KHz to 100 KHz in the triangle
wave was, however, too extensive to permit use of the inte-
grated circuit in the final design, Additional size reductions
were achieved by using simplified inverted transistor swltches
to achleve analog switching with minimum voltage offsets., A
holding register for programming the number of pulses in an
output was eliminated by loglc manipulation which permitted
the counter 1itself to store the information.

After the final fabrication, the 3SGU was calibrated. The_
output capability was found to be generally consistent wilith
the contract specifications. Some circult card modifications
were incorporated to effect design improvements or optimize .
overall system operation. Frequency, amplitude, distortion,
and waveform fidellty were within contract specifications.
Noise generated within the power conditlioning circuits, however,
compled with the capacltance of the metal core cirecult cards,
resulting in & ringing frequency of approximately 2 MHz,
Due to this noise, the metal core capacitance, and insufficient
ground plane area, the rise time accuraey of the output ‘
waveforms was marginal, .
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Specific improvements in SGU performance could be achieved
by Judicious removal of metal core (and the resulting capaci-
tance) from sensitive area. This would require developmental
determination of the proper areas of sensitivity. Similarly,
the output leads from the final drive stage of the output
amplifier are relatively long and pass through a connector to
permit heat sink mounting of the final stage transistors. The
feedback loop must be closed through the same connector,
Eliminating the commector and shortening these leads would
improve the rise tlime considerably. It should be noted that
the breadboard system was well within specification limits,
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G, MEASUREMENT UNIT (MU)

The MU converts the analog measurement slgnals appearing
on the analog measurement busses into a digital format for
interpretation by the computer., The MU consists of a PC/DCM
and signal conditioners, detectors, converters, and control
logic. The MU is packaged similar to the other remote units
described above., PFigure 13 presents a block dlagram of the
unit and Figure 14 an actual photograph of the unit, The

unit weighed 19 1bs 12 oz, required 418 cuble inches and uses an
average of Iz gwatts. -

Provision is made for interfacing the MU with two measure~
ment channels, either of which can be selected by the MU for
inputs. A measurement channel consiste of two measurement busses,
bus A and bus B. A single channel can input to only one MU at
a time, and in the O0CS development system only one channel is
actually provided, '

The measurement conversion capablility of the MU 1s presented
in Table II., Analog measurement bus A is used for all
voltage, frequency, tlime, serlial diglital data, and contact
¢losure measurements, Bus B is used for input of the second
gsignal when measurement of time interval or phase between two
signals 1s required, Bus B is also used to input the clock
8ignal on digital data inputs requilring clocked decoding.

, The MU receives power from and 1s programmed by a PC/DCM.
As In the other remote units, the first six bits of the program

data words provide the addressing that causes the MU PC/DCM

to accept program data from the ADC, The single MU provided

in the 0CS development system has the address 011011 (octal 33).

Bit 7 of the program data word operates to power down this

unit Just as 1t does any other addressed remote unit, Bit 8

is used to cause the MU to elther accept and transmit back the

entire program data word to or transmit a measured result. .

Bit 9 is used for sub-addressing to control the parallel trans-~

fer of bits 10 through 24 of the program data word from the
PC/DCM data holding reglster to either one of two holding

registers in the MU, ‘

The first 15-bit MU holding reglster (loaded by the presence
of a 0) in bit 9 of the' program data word) is decoded to
select the ampllitude range on bus B, the trigger level for bus
B, and the tlme Interval between repetitive voltage measurements.
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The second 15-bit MU holding register (loaded by the
presence of a "1" in bit 9 of the program data word) is
decoded to select measurement frequency range, measurement
channel, amplitude renge on bus A, trigger level for bus A,
and type of measurement, The data in this register zalso
includes one bit that specifies whether a single measure-
ment or repetitive measurements are to be taken., Another
bit deslgnates either the use of bus A only or the use of
both bus A and bus B for the measurement.

All voltage, phase, frequency, and time measurements are
glignal conditioned and then routed to the approprlate converter
or detector, Contact closure measurements are made by routing
a 5 ma DC sgignal from the MU, over the measurement bus and
through the MSU and the contacts to be checked, and detecting
the presence or absence of the return.

Upon comPletion of a measurement conversion, the MU sends
a "Data Ready' signal to the ADC (via the DIACU) on a separate
line., This 18 the Data Ready Interrupt signal mentioned in
the discusslion of the DIACU., It informs the ADC that the
measurement conversion is complete, The ADC responds to this
Interrupt by transmitting a program data word to the MU
requesting transmittal of the 1l4-bit contents of the MU output
data holding reglster which holds the converted measurement
value, As previously noted, the elghth bit of this program
data word provides the control that causes the MU to transmit
the measurement value on the response data bus. Bit 9 of this
response word will be "true" 1f the addressed MU had sent the
Data Ready signal., This allows the ADC to determine which
MU interrupted 1t if several MU!s were operative in the system,

Bit 10 of the MU response word is used for contact
closure measurements and to indicate a time interval counter
overflow on time interval measurements, A "one" in this
bit position indicates "contact open” on a contact closure
measurement or that a time Interval measurement has exceeded
the measurement range.

The next paragraphs discuss measurement unit developmental
results.

The signal conditiloning function required a developmental
high performance integrated cirecult operational amplifier,
where high performance requires high input impedance and wide
bandwlidth. Several vendor unlts were tested before the final
unit was selected. The critical selection of this amplifler
would be eliminated if the frequency range and/or input
impedance specification could be reduced. The compensation
and balance of the front end signal conditioning cirecultry
is quite critical due to the wide band reguirements. If these
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clrcults are not tuned properly, a time constant mismatch
and attendant splking will produce erroneous results for peak
measurements.

The BMS function of the MU was in addition to the DTS
function so this presented a new design requirement, Accura-
cles of the squaring amplifiers tested were such that is was
found necessary to insure that this amplifier was operating
between half and full scale of output. This was accomplished
by incorporating an additional pre-ranging and post-
attenuation circult, The RMS system proved to be a wise
addition to the MU functions, since by definition it is not
senpitive to nolse spikes,

Several techniques were investigated for handling AC
measurements with DC offset. Capacitor coupling was ruled
out agaln because of wide frequency range problems, The
final technique employed involves precharging two capacitors,
one to the positive peak the other to the negative peak
volta%e, then their difference used to cancel the offset,
This Technlque was used successfully for repetitive waveforms.
The non-repetitive waveforms are handled by programming standard
offgset voltages whilch buck the offset, and in essence, set the
trigger level.

The repetltive analog to digital sampling function is in
addition to DTS requirements., By addlitlional control logic the
A/D converter operates repetitively and was tested satisfactorily
to a 4OOM sec sample rate,.

The 0CS measurement unit successfully met 1ts design
requirements for ten of 1ts twelve measurement types while
peak voltage and phase measurements were marginal in their
accuracles,

While both of the modes could be noticeably improved in
the present equipment by very precise balance and compensation
of the signal conditlioning clrcultry, there are some basic
difficulties which 1f overcome should rectify the accuracy
problems in question, as well as improve the overall unit
aceuracy.

The first improvement that must be reallzed 1s a reduction
in the converter noilse output of the power supplies. This
would permit a reduction In the hysteresis required in the
delta~detector clrecultry resulting in improved phase and time-
interval measurement accuracles,



62

The second area to investigate 1s that of heat dissi-
pating techniques with the target of eliminating the use of
metal core printed wiring cards, This would significantly
reduce the cireuit capacity of the signal conditioning
circultry reducing the degree of difficulty for accurate
compensation, This coupled with an improved unit ground
system should result in "in spec" peak voltage measurements,

The control logle of the measurement unit should be
modified to the extent that there is complete independence
between modes of operation, that 1s, those modifiers that do
not directly apply to a particular type of measurement should
be permitted to be in "don't care" states; i1.e., the frequency
‘modifier should be permitted "don'!t care" status when making
a totalizing measurement,
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H., STIMULUS SWITCHING UNIT (SSU)

The stimulus signal interface between units under test
and the SGU is provided by a 3timulus 3witching Unit. The
S8U requires a PC/DCM, identical to the PC/DCM's provided
for the SGU and other remote OC3 unite, to provide power
conditioning and programming. The SSU 1s packaged similar
to the SGU. A block diagram of the unit is shown in
Figure 15 and an actual photograph in Figure 16, The unit
with its %%s%cia ed PC/DCM weighs 15 1lbe and 10 oz, and
requires <3 watts of power,

The SSU is programmed by the data holding register
outputs of its PC/DCM, When the first six bits of the data
word contain the SSU address (octal 66 for the single SSU
provided in the OCS development unit) the SSU PC/DCM 1s
gelected,  Bit 7 controls power on the S3SU as it does for
the SGU. Bit 8 1ls used to signify that elther the data
holding reglster 1s to be loaded and scanned out on the
response bus or SSU switch address comparator self test
bilts are to be scanned out on the response bus, The 9th
bit of the command word 1s used by the SSU to steer input
data elther into its switeh selectlion register or into
its "digital data holding" register, The next twelve bits
are used to speclify a switch point selection or to load
the digital holding register, '

The decoding technique used for switch point selection
provlides code spacing such that a single blt error or a single
component fallure in the PC/DCM holding register will not
allow an incorrect switch point to be selected, Any other
fallure whilch causes an incorrect switch point to be
selected will be detected by switch address comparators which
compare the actual swltch point selected against the switeh
point requested. In addition to this protectlon, a quad
switch arrangement is employed so that a single relay contact
failure will not result in closing an incorrect switch point.

The SSU of the OCS development unit provides 36 double-
pole switches, for switeching both signal and return of 36
stimulus points. Addressing capability 1s provided, however,
for an expanded SSU of up to 144 switches.
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FIGURE 16 - STIMULUS SWITCHING UNIT, COVER REMOVED
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Switch selection and control is in 2 x 6 submatrix groups
of twelve switches, Three such submatrix groups are assembled
into & 3 x 1 major matrix, A 6-bit submatrix code and a 6-bit
ma jor matrix code are decoded into six rows of 6 columns as
shown in Flgure 13, This figure also shows the code assign-
ments as they would be expanded to a 144 switeh point unit.

A 12-bit row and column code will cause the selection of a
specific switch within a specific submatrix (group of 12),.

The switch driver output of the swiliteh thus selected is then
encoded into a 6~bit code and compared with the 6-bit submatrix
address contained in the data holding register. The 6-bit
major matrix code 1s compared against hardwired codes to
develop major row and column lines, These row and column
signals are combined with the output of the submatrix compara-
tor to allow enabling of the appropriaste submaftrix analog
input relay if all comperisons are true, The analog input
swlteh will pass the programmed analog stimulus from the
eanalog stimulus bus to the selected stimulus switeh and on to
the unit under test stimulus point.

Of each 36 switches in a SSU, 12 are latching type.
These can be made accesslble to either the stimulus bus from
the SGU or to any one of three discrete voltage busses internal
to the 88U and powered by a speclal SSU internal power condi-
tioner, The patching for this purpose 1s accomplished at a
patch connector external to the 33U, Voltages avallable from
the SSU discrete voltage busses are: 28 + 4 VDC at a 600 mA
max., 5 VDC + 5% regulated at 150 mA max,, and 12 VDC + 5%
regulated at 150 mA max, Bit 22 of the program data word is
used to program a latch of a latching switeh., Bit 23 is used
to reset a latch,

The PC/DCM provides read-back of its program data., The
three group enable signals formed by the address comparators
are used to generate a self-check status indication. This ,
signal 1s inserted into the twenty-fourth bit position of the
data word during the perliod when the data holding register is
being scanned back to the ecomputer, Sending a "one" to the
computer indlcates a successful programming of the SSU.

When a "zero" is sent by the computer in bit 8 of the
program date word, the individual comparater outputs are
presented to the response data scanner so that they may be
read by the computer for SSU fault lsolation purposes., There
are three comparator outputs for each set of 36 switech points
(a maximum of 12 outputs for a 144 switch-point SSU), In the
36 switch SSU provided in the development system the 9 unused
comparator output bits are hardwired "true'",
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In addition to the analog stimulus and discrete voltage
gewitching provided, the 88U provides a parsllel 12-bit digital
data output channel., This feature is implemented by a 12-bit
register that is loaded when a "one" 18 contained in the
ninth blt of the program data word, The data 1s held in this
register, providing a 12-bit 5 VDC parallel digital output
over the S8SU digital data channel, untlil the register 1is
reprogrammed, A return line to 33U ground is provided for
this channel,

No eignificant developmental problems were encountered
on this unit as 1t was primarily a repackaging of the DTS
deslgn. The SSU met all of its design goals without exception,

A trade off of solld state versus relay switching was
performed and the results indicated that because of the -
current flow requirement through the swilitch it was necessary
to use relays. The SSU 1s lmplemented with microminiature
relay swltches,

The back plane wiring utilizes shlelded wire for switch
input/output, This caused difficulty in fabrication., If
this could be elimlnated not only would fabrication be faci-
litated, but a slgnificant weight savings would be realized,
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I, MEASUREMENT SWITCHING UNIT (MSU)

The MSU provides the signal interface between units
under test and the 0CS Msasurement Unlt., It is & program
"eontrolled swilitching unit, similar in most respects to the
88U but using solid-state switehing devices rather than
relays., Packaging is similar to that provided for the
SSU and other remote units, As in the 88U, switch selection
and control is 2 x 6 submatrix groups of twelve switches
each, Switch selection decoding, encoding, comparison, and
generation of self-~check signals is accomplished exactly
the same as in the 83U, The MSU contains switching for 72
swliteh points. As iIn the S8U, addressing capability is
provided for up to 144 switeh poilnts, The same fallure
protection and detection provislons are contained in the MSU
as are provided in the S8U, A photograph of the MSU 1is
shown in Figure 17. The unit with its assoclated PC/DCM
welghs 21 1bs 7 oz, and requires 28.3 watts.

The MSU 1ls addressed by octal 35 appearing in the first
8ix bits of a program data word on the program data bus, As
in the other remote units, the seventh bit controls turn-off
of the MSU PC/DCM power conditioner. The eighth bit is used
to control the makeup of the MSU response word, If bit 8
13 a "1", the data holding register is loaded and scanned
back out on the response data bus (with bit 24 containing
self~-test status as described for the SSU),

If pit 8 18 a "0", the 6 address comparator outputs
(one for each 12-switch group) and 6 hardwired "true" outputs
are scanned cut on the response bus for use by the ADC in
isolating MSU faults., Bit positions 9, 22, and 23 of the
program data word are ignored by the MSU.

Row and column codes, contained in bit positions 10
through 21 of the MSU program data word, are combined with the
output of the MSU submatrix comparator to provide enabling
of a submatrix output switeh if all comparisons are true.

This switeh will then pass the selected analog input onto an
analog measurement bus. The solid-state analog switches
provide switching of both signal and return of each input
slgnal, A gquad arrangement of the swiltches for each input

and return channel assures removal of input signals if one
switeh falls to open when 1ts chanfnel address is renoved

from the data holding register, Out of each 36 input channels,
12 are four-pole, dual quad, configurations to provide for
two-signal time~interval and phase measurements, A second
analog mesasurement bus is provided to accommodate these two-
slgnal type inputs. The measurement busses route the selected
analog Iinput signals to the OCS Measurement Unit,
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Signal isolation between MSU input channels 1s 100
decibels or greater at signal frequencies to 4 KHz, Above
4 KHz the isolatlon decreases by not more than 17 db per
decade of frequency increase,

The measurement switch unit met all of its design goals
with the exception that the solid-state switch design mani-
fested an undesirable chopper component on the gi 1 lines,
This chopper noise was typically on the order of 5 mv to
30 mv p~p, at a base frequency of 1 MHz with components
extending out to approximately 20 MHz. This chopper noise
did not prove to be a significant system limitation because
1t does become attenuated by line capaclty and 1s rejected
to a degree by the measurement unit. With low source imped-
ance inputs this noise is essentlially reduced to zero. The
two moet significant elements in controlling this noise are
transformer balance and circult capacity. To assist in trans-
former balance a phasing provision has been incorporated 1n
the circult layout. The nolse can be reduced to half by

eliminating the metal core circuilt cards in favor of glass
cards.

The dual emitter swiltch design was selected over FETS
and optical devices for a number of reasons. At the time
of this design, those FET switches which had sufficlient break-
down voltage had intolerably high "on" resistance, while the
optlcal delvces were unproven for reliabllity and too slow
for thie amplificatlion. :

The dual emitter switeh used was a Crystallonics 3133.
A uniquely designed 6 winding transformer was required for
each switeh since two 3N133's were used in each leg and both
incoming lines were required to be switched. The other two
windings were employed on the primary side: one for "close"
and one for "open",

No failures have occurred to date on the MSU,
As in the case of the SSU, i1f MSU I/0 wiring could be

changed from shielded wire, the welght and fabrication
complexity could be reduced.



71

J. SOFIWARE

There are two software systems executed by the ADC; a
Spaceborne Executive Control System (SECS) and a Test
Oriented Onboard Language (TOOL). 'These provide completely
for all "on~line" operation of the 0CS. In addition, two
other systems are provided for off-line operations and are
executed by supporting computers. These are: a Peripheral
Interchange Processor (PIP), and a Program Preparation System
(PPS). A general description of each software system and
developmental results follows:

a, Spaceborne Executive Control System

SECS provides the operating environment for TOOL, Its
functions include interrupt supervision, I/0 supervision,
central processor unit (CPU) scheduling, utility services
and other processing environment supervision, SECS 1s also
capable of supporting other systems besides TOOL, allowing
for expansion of 0CS to handle other functions such as data
management,

SECS 1s comprised of four subsystems: an Interrupt
Subsystem, a System Scheduling Subsystem, a Utllity and
Servlices Subsystem, and an Initlalization Subsystem,

The Interrupt Subsystem responds to interrupts reporied
by the DIACU to save and restore the status of the computer,
to process the interrupts, and to return control to the
appropriate functlon upon completion of processing.

The System Scheduling Subsystem controls the execution
of scheduled systems and provides services which aid in the
. execution of these systems.

The Utility and Services Subsystem provides common
functions for the other OCS software. Included in these
functions are: storage reserve and allocation; input/
output service for CADU keyboard interpretation and display
driving; data conversion services needed to convert the
various forms of input data into binary data for use by the
computer and to format bilnary data for the various outputs;
and mathematical services required by the software, '
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The Initialization Subsystem provides all system
initialization functions required by the software,

The information flow between the SECS subsystem is
shown in the block diagram of Figure 18 . For detall
information on the SECS, refer to the 0CS Software Docu-
mentation, Overall Specification - Level 2, Spaceborne
Executive Control System (MCR-69-194) and the SECS Sub-
program Specifications ligted in the bibliography of
Appendix A,

The SECS system without utilities required 536 words
of core memory. The utilitles required 2707 words of core
memory, The SECS system was 1mplemented with the 08360
Model F assembler,

In order to optimize the utlilization of the 360 system
in terms of machine time and maximize confidence in a given
SECS module once it was debugged, the SECS system was broken
down in Control Sections for assembly. Each control section
can be individually assembled, link edited and stored in
data set format on the disk. When a total SECS system is
required, the proper library control sectlons are called off
of the disk library and post edited into an absolute load
module,

Theoretically the above approach 1s excellent, However,
in practice, the debugging of a control sectlion is complicated
by the fact that the programmer must, with paper and pencil,
calculate relocation constants in order to trace program
bugs. The edlt map of course 1s supplled to map external
symbols and control sections.

SECS represents a crose fertilization of the DTS executive
and work done by IBM on the MOL executive control system.

SECS implementation is highly modular and general, This,
of course, 1s & baslec ingredlient of an Executive Control
System, However, generallty was not carried to the point of
~diminishing returns., Interrupts were processed gquickly and
the scheduler was gilven control only when signaled a change
in schedule status,
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The SECS system met all of its design goals such as
library modularity expandability and efficiency. These
were all literally tested in the course of attaeching user
programs and changing requirements.

In the course of evaluating SECS at NASA MSC, it was
determined that memory requirements for 0CS required both
core and disk memory. SECS should be extended to provide
dynemic memory allocation and memory overlay capability.

Due to SECS modularity, this extension, even though complex,
is straight forward.

Test Oriented Onboard Language (TOOL)

The purpose of this system is to provide for test
execution and to allow the test engineer to write or review
a test from the Control and Display Unit (CADU). TOOL is
designed to operate with SECS,

Test executlion is accomplished with a set of interpretative
test element subroutines or "processors" which 1nterpret 8
"test mequence data list"., The 1list containe test "elements"
and their "modifiers" which specify unique operations, The
test sequence data 1list is contalned in a "test procedure
file™,

The write/review or "test translation' capability of
TOOL allows the test engineer, astronaut, or ground control
to create, delete, or edit a test sequence list.

The most sallent characteristic of TOOL i1s that test
sequences are data lists rather than conventional computer
.code, thus providing an approach to higher confildence in
gcomputer code, memory savings, and ~easy on-llne sequence
modification.

Test translation conslets of converting operator inputs,
from the CADU keyboard, into a test sequence data list, The
operator inputs are responses to "cues' displayed on the CADU.
The operator may construct an entirely new test, or by utili-
zing the "review" capability, modify an existing test.

Test execution 1s asccomplished by the test element processors.
These processors interpret the contents of the test sequence
data 1ist to perform the desired "element" operations.
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Figure 19 1illustrates the test structure used in the
0CS checkout operations: The test element is the baslc
unit of the 0CS test language, Each element performs a
gepecific operation such as commanding an 383U switch closure,
generating an SGU output, etec, Assoclated with each
element is a set of modifiers. These modifiers serve to
amplify the element to specify uniquely the required
operation, An element may be uniquely identified by a
numerical prefix, the purpose of which 1s to define a
reference point for branching and looping within a test
sequence,

A test sequence is a collection of test elements
arranged in a logical order to accomplisgh a specific testing
or control function., A test sequence can be dependent on
other sequences, Hence, one sequence can set up a test and
another perform the test,

"Task" 18 the name gilven to the highest level of 0OCS
test operation. A task may be a single sequence or a series
of "calls" to other sequences, There is no real difference
between the structure of a task and that of a sequence.

There are four methods by which sequence execution may
be initlated:

1) Manually: where the operator selects and
Initlates sequences through the CADU keyboard.

2) Clock: where selected sequences are inltilated
automatlically as specified real times.

3) Monitor: where sequences are repeatedly
Initiated at a specified cyclic rate.

L) Remote: where the sequence is inltlated from
a station external to the OCS,

A sequence can be executed at any one of four independent
levels which can operate concurrently.

A sequence 18 assigned to one of these levels during
execution initlation., Assoclated with each level is a
"priority counter" which determines the number of elements
a level will execute before transferring control to another
level, If a partlcular level 1s not executing a sequence
it 18 removed from the executlon cycle., Since gll sequences
share the msame 0CS resources, element execution must wait
whenever a redqulred resource is not avallable because it is
belng used by a sequence on another level of execution, Also,
the time to execute a sequence wlll vary depending upon the
number of executlion levels active,
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A sequence can be executed in two different modes:

"econtinuous" or "segment", The primary difference between
thege modes 1s in the execution of the "display" element.
In the segment mode all display elements encountered in a
pequence are executed, In the continuous mode only speclally
designated display elements are executed, Since element
execution stops on all display elements except "milestone’
tyep, and walte for an operator response before continuing,
the test writer should be careful that dieplay elements
designated for execution in the continuous mode are only
those reporting an abnormal test result, reporting test
program milestones, or requesting the operator to take a2
control action or make & keyboard input. The segments" in
the segment mode are defined by the display elements that
stop executlon and by the ends of sequences.

An operation called Read Monitor Status 1s executed in a
modlfied form of the segment mode, The difference being that
1n this operation only those gequenceg that have a change in

"monitor status" are executed,

TOOL allocates the OCS resources by assigning the
avallable hardware and software resources to various functions
only for the time that they are required. Thus, a particular
resource, such as the MU, 1s not tied up by & single sequence
but passes from level to level as needed,

There are two categorles of resources in the 0CS:
hardware and software, The hardware resources are: 33U, 3GU,
MU, MSU, DIACU timers, and CADU displays. The software resources
are the four levels of sequence execution., Level A is dedi-
cated to monitor initlated sequences when they are enabled,
Level B 1s dedicated to cloeck Initiated sequences when they
are enabled., When elther of these inltiatlons 1s disabled
(by operator control from the CADU), the respective level
becomes an allocatable resource,

Whenever an element requires a resource 1t tries to
allocate that resource. If the resource 1s avallable, the
element 1s executed., If the resource is not available, control
is transferred to the next actlve sequence execution level.

On the next level cycle, the element agaln tries to allocate
the resource and the operation is repeated.
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Further detalls on TOOL are given in the OC3 Software
Doc umentation, Overall Specification - Level 2, Test Oriented
Onboard Language System (MCR-—69-—192)o That document containe
detalled descriptions of the TOOL test elements (with examples)
and a discusslion of TOOL provisions that prevent improper or
uniauthorized execution or alteration of test seguences,

The TOOL system, like SECS, was implemented with the
08360 Model F assembler, and divided into control sections,.
Even though efflclent implementation of TOOL was important
the main emphasls wag to address the test englneer or astro-
naut usabllity emphasis, This presents somewhat of a dilema
between powerful capabllity and simplicity.

After the initial TOOL system was designed wlthout test
concurrency a detalled MMC/NASA review indlicated a need to
implement a four level test concurrency capability. This
was the final TOOL system approach,

Two significant design problems were presented by con-
currency., The first problem dealt with utilization of the

plasms dlsplay, the second with use of the 0CS remote hardware
resources.

The utilizaticn of the plasma display was a problem
because of the limltation of the 21 characters by 12 lines,
A lenghty analysis effort was required to determine how to
present the real time status of the four concurrent levels
along with allowing a certain portion of the display to be
used for checkout data presentatlion and attempt to retain an
understandable man/machine interface, This was resolved by
dedicating the first four lines to the four concurrent levels
for status, the next six lines for test data, the next line
for OCS status, and the last line for displaying the keyboard
entry characters.

Since the development O0CS employed only one set of
stimulus and measurement equlipment, a competition for resow ces
1s present when running concurrent tests. TOOL is in charge
of resource allocation., The measurement equipment is de-
allocated after each measurement., The stimulus eguipment is
de-allocated only after a test 1s completely terminated by
the final END element,

This scheme offers the best guarantee to test continulty
and resource sharing.

With the addition of more OCS remote units this dilema
will approach resolvement. The allocation algorithms have
proven satisfactory.
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The TOOL execution system required 3858 words of core
memory .

The TOOL translator for interactive manipulation of
tests required 16,000 words of core memory, As a result
of this core utlillization, the entire 0CS system cannot be
loaded into the computer, and, as a result, consists of
two separate core loads, One load containe the executlve
and execution systems and one load contains the executive
and translation systems.

The TOOL translator 1s a two pass system wlth the
second pass invisgible to the user, The translator for DIS
was a single pass type since 1t did not deal with the
"Go To" function, The TOOL translator although fertilized
by DTS is far more complex due to added capabllity to delete
on an element basls, change any modifiler without changing
type, allow branching, and three times as many total elements,
Also, use of the plasma display alphanumerics also took 1ts
toll on memory requlred,

The cholce of elements for a language always is a good
toplc for discussion. The selection was made through MMC/
NASA meetings. In the course of evaluating the 0CS at MSC
suggestions for new elements are bheing made., The trend of
these suggestlons has been toward more arlthmetlc power,
finilte control of the dlsplay resource and capability to
file data for future use,

The interpretive structure of the TOOL system utilizing
the Test Sequence Data List has, throughout DTS and 0CS,
been an excellent approach in terms of memory storage, write/
review capabllity and high confldence in computer programs,

Supporting Software

0CS computer programs are prepared by means of a Program
Preparation System (PPD), Thip system 1s composed of four
gsubsystems, all of which are executed on an IBM System/
360-651

1) IBM System/360 Assembly Language

2) IBM System/360 Linkage Editor

3) 1IBM System/360 Post Editor

L) 0OCS Tape to Card
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The PPS is of interest primarily to professional program-
mers preparing or modifying OCS software systems, PPS is pro-
vided in this report. Reference documents available from IBM
are listed in the bibliography of Appendix A.

OCS computer memory loading, and system development
testing are accomplished with a supporting computer system;
a Control Data Corporation (CDC) 160A or 160G and associated
peripherals. The software subsystem Peripheral Interchange
Processor (PIP) i1s provided for this purpose,

The PIP system interfaces the ADC with the CDC 160
peripherals such as card reader, line printer, paper tape
punch/reader, and magnetic tape units; through the GDC 160
computer, When commanded by the ADC, the PIP drives the
peripheral devices; allowing loading and readout of the ADC
memory from and to these peripherals,
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J. PACKAGING

This wag an area of prime concern to thils contract. That
is8, 1t was the intention to develop an airborne package which
could be employed in future OCS applications. In fact a
study previously referenced (MCR-68-360) was performed to
this end.

The developmental design which has been generated is a
versatile packaging concept. The design 1s of such nature
that various case slzes are readily generated. Also, arrange-
ment of internal hardware is flexlble,  Four primary parts
form the case: box~wall section; printed circuit board
connector/component structure, baseplate and cover, The
box~wall section 1s a welded magnesium alloy structure.

The side-walls of this structure are grooved, as required

by detall drawings for printed clrcult cards and any compart-
ment separations., The connector/component strueture and cover
are milled magnesium alloy detalls, The baseplate is

milled alumlnum alloy detail. All of these parts were

black anodlzed per airborne requirements.

For the developmental lab unit, the printed cireult
connector employed wasg a 100-pin solderable unit manufactured
by ELCO Corporation. In a couple of usages all or nearly
all of the 100 pins were used, The external Iinterfacing
connectors which mount in the baseplate were 50-pin solder-
able units made by Cannon,

The connector/component structure and baseplate served
as the basiccomponents of the internal wiring fixture, That
is necessary connectors were mounted on each unit and then,
using angle brackets, were connected together at a fixed
engle for ease of worklng and for control of PCB connector
to external connector wiring, The welght of the baseplate
meintained the unit in a working location for the technician
to make the wire terminations. It was found helpful to
complete all printed circult card connector terminations
first.

TS
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As has been mentioned during the hardware unit discussions,
three package sizes were employed by the 0CS developmental
hardware, For purposes of this report these have been identi-
fied as Types A, B and C, Following providee case dimensions
for each type.

Type Dimensgions (in)
A L x 6,25 x 6,82
B 9.85 x 6,25 x 6,82
c 5.82 x 6,25 x 6.82

In conjunction with the above case deslgn, a new printed
c¢lroult board, called metal-core was developed., The purpose
of thls metal core was to increase the heat dlssipation of
the PCB mounted components, Test results on developmental
samples Indicated a significant improvement. However, it 1s
possible that some of the analog circultry problems encounter-
ed were due to the increase of capacitance to structure by use
of this board. (Development time did not allow an evaluation
of this consideration.,) However, for digital logle using
flatpacks, this approach appears to offer a declded advantage.
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ITI, OCS/STABILIZATION AND CONTROL
S TEGRATION (S

The purpose of this integration effort 1s to allow the
0C8 to control and monitor operation of the SC3 in order
to provide a laboratory demonstration of the capablility of
the 0CS and to evaluate the 0CS in this role,

At this point in time, concrete dats on the 0C3/3CS
integration and evaluation is s8till in the preliminary
stage of definition., Therefore, much of the analysis 1s
anticipatory in nature,

The 0CS hardware i1s connected to the SCS test points
via test cable(s)., In order to reach all SCS test points
it is necessary that the SC3 end of the test cable(s) be
moved from one connector to another., O0CS external inter-
face connectors are J4l and J42 for MSU switch points and
J43 and SSU switech points. 3C3 external interface connec-
tors are Jl for stimulus test points and J2, J3 and J4 for
meapurement test polints.

- The integration concentrates on the attitude Gyro
Stablilization test, the Rate Gyro Stabllization test and
the Attitude Gyro Coupling Unit/Attitude Gyro Accelero-
meter Assembly test. In all tests the control cirgults
are exercised by the OCS and the SCS operation monitored
by the .0CS. Sufficient test points are monitored to
verify correct coperatlon,

Particular emphasisg at this stage is placed on the
writing of sequences and the effectlvenese of TOOL.

During construction of the test sequences required for
the above testing several refinements for TOOL were pursued.

The DISPLAY element currently ¢lears the screen before
the element 1s executed,; hence, removing previous data. It
would be useful to erase only the line which is being written.
In addition; the element stops executlion after a display
is written, It was determined it would be helpful to allow
the option of not stopping when requested.

Another discovery involved the use of the DELAY
element, It seems desirable to be able to calculate a delay
value in a data cell, This would be implemented by in-
directing the value from a data cell.
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A point of discussion and a fertile territory for
future development is the hierarchy of TOOL with respect to
execution, For Instance, should a sequence automatlcally
de-allocate resources when a minor END element 1s executed?
This discussion is precipitated by use of multiple CALLS,

A concern during writing the status monitor sequences
was that of the 0C3 status monitor philosophy. This philo-~
sophy places maximum emphasis on status compression and
minimal operator intervention. The concern involves the
desire to dlsplay status summaries on the display rather than
a sequence orilented summary. More investigation is necessary
in this area to evaluate this philosophy.

Results of the 0CS8/SCS integration are itemized in the
next section on recommendations.
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IV, RECOMMENDATIONS

The previous parts of Section II and III have presented
developmental results and evaluations of the 0CS components.
Recommendations for areas of change and areas of study which
should be considered in any follow on effort are summarized
below.

QCS Sys tem Approach

What does the next 0CS look like?

It has become evident that no single standard data
handling technique can optimally satisfy all subsystem
checkout requirements.

As a result of requirements analysls done on the Apollo,
Skylab, Shuttle and Station 1t does appear that a
feasible systems approach 1s a hybrid of at least three
techniques.

The first technique i1s the technique developed on 0CS .,
utllizing data on a computer demand hasis with remotely
located stimulus and measurement units. Closely
coupled precision stimulus and measurement data
requirements are best handled by this technique,

The second technique 1s the Data Buffer technique
utilizing remote multiplexors and a central data huffer
with memory map to allow automatically flagging out

of limits parametem and signifilcantly changed para-
meters without computer intervention. Status moniltor
data and parameters wlth low rate of change are

best handled by this technique.

The third technigue is the meiro processor technique
which provides a speclal purpose capability to handle
high speed data, special purpose processing algorithms,
and in general those requirements which cannot be
handled by the other two techniques. This 1s sometimes
referred to a8 bullt-in-test, Micro processors are
often referred to as speclal-purpose computers,

A total checkout system would utilize all three
techniques, One obJjective of a subsystem checkout
requlrements analysis would be to catagorize the
data into the three techniques.
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An answer to the opening question is the 0CS would be

a hybrid system containing the current stimulus and
measurement approach; a data buffer system and
appropriate micro processors, Individually these
technologles have been pursued on development con-
¢racts such as the 0CS but study and development work
are necessary in order to establish integration techni-
ques and tradeoffs., Two areas of focused interest

are the data bus and the computer system.

There are many approaches to investigate for the data
bus, Popular concepts are multiplexer format with fixed
time slots, party line with each controller requesting
access, a set of buses with varying capability rather
than one standard. etc.

The need for a multiprocessor computer system has
already been established., Techniques must be
developed to optimally allocate system resources.

Some of the many techniques which must be studied

are dynamic memory allocation, data filing structures,
CPU allocatlon, fail operational, and etec.

The following paragraphs relate to the OCS units
developed,

Airborne Digital Computer (ADC)

. Improved program relocation hardware
. Expanded priority interrupt capabllity

s A subset of instructions for real-time
(stack manipulation, memory to memory ops)

v Modular architecture for multiprocessor
approach including memories and I/0 channels

. Features for channel device~controller debué
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Control and Display Unit (CADU)

. Typewrlter compatible feel alphanumeric keyboard
* Plasma display with selective erase of charscters

o Improvements in the Free Electron Source for
plasma ignition

. Microdata assembly with more development on lens,
film gate and light source.

Data Interchange and Control Unit (DIACU)

o The comment applies to all units but in specific
the DIACU, Implement with LSI logic or hybrid
thick film circults

Power Conditioning and Data Control Module (PC/DCM)

. MSI of data control module, This package would
include isolation transformer

. Better 1solation technique for power conditioning
such as isolation of swltching circuitry more
1deal ground path, and reduction in signal paths
to reduce 1nductive effects

Stimulus_QGenerator Unit (SQU)

. A packaging approach with minimal parasitic
capacltance in sensitive areas.

. The output leads from the final drive stage
of the output amplifier were long and passed through a
conmector to permit heat sink mounting of the
final stage transistors. The feedback loop should
be closed through the same connector. This would
improve the rise time consldersably.

Measurement Unit (MU)

. A requirements analysis to determine 1f the MU
bandwldth can be reduced. This would allow signi-
fleant slze reduction in the signal conditioning
elrcuitry. ‘

. Further development of the peak detector to
reduce noise susceptibility.
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Stimulus Switch Unit (8SU)

. Investigation of ways to reduce size, such as
elimination of shielded wire in the backplane
wiring

. Convert the logic to MSI or LSI

Measurement Switch Unit (MSU)

. Review the switching requirements and conduct a
new industry search to determine the optimum
design approach for the switch.

. Convert the logic to MSI or LSI.

. Attempt to eliminate the shielded switch I/0
wiring wilthin the unit.

Software

. In order to reduce core memory requirements in-
vestigate a disk overlay scheme.

. Modlfy the DISPLAY element to allow display without
erasing previous displays and without halting test
sequence execution.

. Modify the DELAY element to permit indirection of
the dealy value from a data cell.

. Add the following elements

l. Print - hardcopy of test results
2. Record - data on magnetic tape
3. File ~ data on disk storage

N Investigate elements to permit processing of data
arrays for tasks such as trend anslysis and statistical
manipulation,

o Investigate an element to provide graphic display
capabllity. |

. Investigate implementing TOOL with a common high
level language such as PL-1,

. Investigate the TOOL hierarchy of element, sequence,
and task, etc., to determine their execution constraints.
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APPENDIX A

DOCUMENTS PERTINENT TO OCS DESCRIPTION

836-0000000
836-0000007
836~0000008
836=-0000451

b

836-0000100
836=0000160
836-0000200
836-0000250
836-0000300
836~0000350
836-0000400
8360000440
836-0000550
836-000T7000

Coe

1. MMC DRAWINGS

a. Top Level Reference Drawings

Onboard Checkout Systenm

0C8 Wire list

0C8 Intercomnnection Reference Deslgnations
Power Distribution

Top Level Mechanical Assemblies and Details

Top Assembly =~ Control and Displsy Unit
Stimulus Generator Unit -~ Detalls

Data Interchange and Control Unit

Measurement Unit Assembly

Mesisurement Switch Unit

Stimilus Switch Unit Assembly

Control and Power Supply Unit Assembly (PC/DCM)
Control Panel Assembly

Chiller Unit Assembly = OCS

Ground Bupport Equipment, Chassis Assembly

Printed Wire Board Asgemblies and Schematics

Drawing numbers of the printed wire board assemblies used in each of
the OCS units are listed under the physical descriptions of those unite

in Part II of the OCS Operation and Maintenance Manual.

Rafer to the

appropriate subsection of Section II.A, System Physical Characteristics.
These drawvings each consist of the following pages and sheets:

Sheet 1
Sheet 2
Sheet 3
Page 1

i F 2 1

Circuit Side of Board
Component Side of Boaxrd
Circuit Schematic

Parts List



MCR-68-361
MCR~-69-191
MCR~69-192
MCR~69-1G4
MCR=-69-235
MCR-69-236
MCR-69-320
MCR-69-368

MCR-69-529

A22-6810
A22-6821
A22-6822
A22-6843
C26-3756
C28-6514

A2

2., MMC SOFTWARE BPECIFICATIONS

Overall Spscification =~ Level 1

Overall Specification =~ Ievel 2, Mission Program

Overall Specification = lLevel 2, TOOL - Test Oriented
Onboard Language System

Overall Specification - lLevel 2, Spaceborne Executive
Control System

Spaceborne Executive Control System Subprogram Speci-
fications, Interrupt Subsystem

Spaceborne Executive Control Bystem Subprogram Speci~
fication, System Scheduling Subsystem .

Spaceborne Executive Control System Subprogram Bpeci=
fication, Utilities and Services Subsystem

Test Oriented Onboard lenguasge Subprogram Specifications,
Tool Executive Bupervisor

Test Oriented Onboard Language Processor Specifications,
On-Iine Translator Subsystem

3. IBM SYSTEM 360 MANUALS

System Summary

Principles of Operation
Bibliography

I/0 Interface

Agsembler Programmer's Guide
Assembler language

4, 1IBM 4 PI~-EP COMPUTER AND SYSTEM CONTROL PANEL DOCUMENTS

68-K&1-006A
68-112-140
68-K41-010

MCR~69-4T75
CR-69-318

PDB2143500

Partial Specification for Alrborne Digital Computer
Description of Martin Maintenance Diagnostic Progr&m
Bystem Control Panel Engineering Manusl

5. MISCELLANEOUS MMC DOCUMENTS

0CS Acceptance Test Plan/Test and Inspection Procedure
Mlcrofilm Storege and Display Unit Maintenance and
. Operation Menual

6. CONTROL DATA CORPORATION DOCUMENTS

Plasma Display Bubsystem Special Purpose Manual
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MCR-68-361 Rev 1

MCR~69~320

MCR-69-529

MCR-68-295
1l thru 22

MCR-68~305
1 and 2

MCR-68-~360

MCR-68-389
MCR-68-~-406
MCR-68-414

MCR-69-192

MCR—69~289

MCR-69~290
MCR-69-317

MCR-69-387
MCR-69~
MCRf69

MCR-T0~54
MCR-70-Th4
MCR~-T0-82

8.

Rev 1

99 Rev 1
75 Rev 2

A3

MMC SOFTWARE DOCUMENTATION

Software Documentation, Overall
Specification Alrborne

Software Dcoumentation, Spaceborne
Executive Control System Subprogram
3pecifications, Utilizes and Service
Subsystem

Software Documentation TOOL, Processor
Specification, On-Line Translator
Subsystem

MISCELLANEOUS DOCUMENTS

Issues Monthly Progress Report

Issues Nonmetallic Materlals List and Walvers

Packaging Concept Report

t

Fallure Criteris

Design Review Report - Preliminary Design

Parts Selectlion Report

Software Documentation, Overall Specification -

Level 2, TOOL, Test Orlented Onboard
Language System

Interim Reliability Prediction

Deglgn Criteria

Design Review Report -~ Critlical Design
Review

Final Rellability Prediction Report
Operation and Maintenance Manual
Test Plan/Test and Inspection Procedure

1
{

Wire Lists
Factory . Acceptancé Test Report
0CS and SCS Integratlion Test Plan



